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INTRODUCTION 
The PACE system has been designed by Electricite de France (EDF) to meet the 
needs of NDT data analysis encountered in the electricity production industry (but which 
can be extended to many industrial fields) [1]. lts main objective is to allow the exchange, 
the visualization and the processing of multitechnique NDT data being provided in a 
standard format, and their representation in a 3-dimensional environment, with respect to 
actual component geometries. The system has to be adapted to the requirements of multiple 
user profiles, ranking from a mere replay of an inspection to a more or less advanced 
expertise. lt is also meant to take into account the difference of competence between NDT 
and computer science specialists, so that software developments must not be carried on by 
the NDT expert. 
PACE has inherited many features from the achievements of the TRAPPIST 
European Consortium (1992-1994), essentially conceming NDT data format, signal 
processing and data exchange [2,3]. The first aim ofthe project (started in 1993) was to 
integrate these features into a complete tool, which would answer the requirements of 
EDF's users. A further goal, identified from the beginning, would be to promote its use in 
other industrial fields and in other countries. The PACE project has now completed its first 
phase, which consisted in building the system under the shape of a pre-industrial prototype 
and in demonstrating its functionnalities on data acquired on a real power plant component. 
THEPACESTRUCTURE 
An overall view of the PACE system's structure is displayed on figure 1. 
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Figure l . The PACE structure. 
PACE consists essentially of a "shell", made of commercially-available software 
packages, which will be enriched, as the system is used, by various features being the 
results of imports (data) or developments (modules, Scenarios). For the purpose ofthe 
demonstration, PACE has been put to the state of pre-industrial prototype, which means 
that the shell has been integrated and is maintained by a commercial software company. 
The present version ofPACE is known as PACE 1.0. 
The PACE shell is made of two parts : a data base handling system, based on the 
Ingres/Windows4GL package, and a visualization/processing tool, for which the A VS 
package has been chosen. 
The data base handling system is the backhone of PACE : it is the data entry point 
to PACE, through the standard format, but also acts as user interface. It can be seen that 
two types of data can enter the data base : geometrical data ( cloud of points) have to be 
converted to CAD models in the Standard SETformat (the 3D-IPSOS tool has been used in 
the present case) ; as for NOT data, the chosen standard for PACE l . 0 is the format model 
issued by the TRAPPIST consortium. As explained in [1], this format is the starting point 
for a European standardization action in the frame of CEN, aiming to yield a draft proposal 
in 1997. The resulting formatwill hopefully be used in further versions of PACE. It can be 
observed that specific toois have to be developed to convert the original NOT data to the 
standard format : they are given the generic name of TOTEM converters. 
As for visualization and processing, A VS has been chosen, not only because it is a 
powerful 3-D processor, but also for its ability, through its "network editor" function, to 
provide a tool allowing to build, in a rather straight-forward and flexible way, an analysis 
scenario by assembling elementary modules. Besides basic A VS modules, contained in the 
original shell, specific NDT and processing modules will have to be developed, thus 
enriching the whole system. These modules will help to build Scenarios, which, once 
validated, will be added to the data base. 
APPLICA Tl ON CASE 
In order to dernarrstrate PACE's main functionalities, the system has been applied to 
data acquired on a real component. The chosen application case concerned the inspection of 
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the welded area of a T -junction from the secondary circuit of a nuclear power plant. An 
actual component was taken from a site and brought to EDF laboratories to perform the 
inspection. Due to the intersection of two cylindrical surfaces, the geometry of the T-
junction is rather complex. Furthermore, hoilow repairs can be present on the inner surface 
of the main tube, due to the grinding of previous defects : the actual geometry becomes 
then different from the designed geometry. Sucharepair was simulated on the tested 
component by locally grinding the inner surface. 3 EDM notches (length : 20 mm, width : 
0.3 mm, depth: 3 mm) were made to simulate defects: one on the outer surface ofthe 
tube, two on the inner surface, one of them in the repaired area. 
Usuaily, such a component is inspected manually, using uitrasonics. To demonstrate 
PACE's multitechnique capabilities, we used three NDT methods : uhrasonies (usrng a 45° 
transducer), eddy currents and pulsed eddy currents. Acquisitions were carried out both 
manually and using a commercial Mitsubishi robot (cf. Fig. 2). In order tobe able to 
recaiibrate NDT data with respect to geometry data, the probe position has been acquired as 
weil, using an optical LED-reading device for the manual inspection and the programmed 
trajectory for the automatic inspection. The acquisition of geometry data was achieved on 
both the inner and outer surface using the SOISIC Iaser triangulation system ( cf. [I]). The 
spatial resolution was 2 mm on the inspected zone, 5 mm on the rest of the component, 
leading to a total of 380,000 points. These data can be converted to different CAD models : 
geometrical primitives for an overall representation of the component, facetized models for 
a finer representation of the inspected areas. 
DEMONSTRATION SCENARIOS 
Inspection replay 
This type of scenario is meant to reproduce the information available to the 
inspector during the examination. Figure 3 shows an example of display of the "UT 
Replay" scenario. The inspector is provided with classical representations of uhrasonie 
testing : A-scan, B-scan, C-scan, echodynamic curve, as weil as a representation of the 
probe moving over the component surface and the uhrasonie beam, reconstructed with a 
ray-tracing model. To the user, the execution of this scenario is presented as an animation 
of the inspection over a region of interest (ROI) spotted on the C-scan with a cursor. 
Furthermore, some information on the testing conditions (e.g. coupling, probe mode) is 
provided on the scenario Iayout. More detailed information is of course avaiiable through 
Figure 2 . Automatie uhrasonies inspection ofthe T-junction using the Mitsubishi robot. 
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the data base, since it is included in the Standard format. An analogous visualization 
scenario is available for eddy currents, displaying the signal map for a 2D-scan, the 
impedance plane signature and the X or Y component for a linear scan. 
Immediate expertise 
Under this category, are ranked seenarios reproducing the intervention of an on-site 
expert. Unlike the previous type, such seenarios do not provide pure visualization, but they 
allow, thanks to the adjustment of parameters but without the use of signal processing 
modules, to give an interpretation ofthe signal, Ieading in some case to a first diagnosis. 
An example is given on Fig. 4, where two different screens of the "PEC Visualization" 
scenario are shown. This scenario displays a C-scan view of pulsed eddy current data, in 
color Ievels andin pseudo-3D representation, and the time response at the point spotted by 
the cursor. The time gate on which the C-scan is computed is adjustable by the user. Both 
screens of Fig.4 are obtained with the same pulsed eddy current data, but, on Fig. 4a, the 
gate corresponds to the beginning of the time signal (samples 1 to 100), while, on Fig. 4b, 
it corresponds to higher values (samples 110 to 160). This clearly shows the ability of 
pulsed 
eddy current to discriminate different information with an adequate time sampling : the 
surface defect with a very low background noise on Fig. 4a, the edge of the welded zone 
with no sensitivity to the defect on Fig. 4b. 
Figure 3 . Example of display ofthe "UT Replay" scenario- l. to r. and top to bottom : A-
scan, echodynamic curve, C-scan with ROI, probe and beam over geometry, B-scan. 
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4a . time samples 1 to 100. 
4b : time samples 110 to 160. 
Figure 4 . Examples of display of the "PEC Visualization" scenario. 
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Signal I Image processing 
Such seenarios use specific modules integrating signal or image processing 
algorithms. Figure 5 shows a display of the "EC 2D-contour" scenario, working on eddy 
current data. The first view is a map of the raw signal obtained during a 2D-scan of the area 
including the outer surface defect. Signal interpretation is not so clear as with pulsed eddy 
currents ( cf. Fig. 4) : this is due to the use, during the acquisition, of an absolute probe, 
sensitive to both the defect and the edge of the welded area. The second view shows the 
processed image after the application of an erosion/dilatation algorithm. This pre-processed 
image is the input of a contour tracing module, using the Deriche operator, the result of 
which can be seen on the third view, showing both defect and welded zone area contours. 
Reconstruction 
One of the most interesting features of P ACE's 3D-processing is the ability to 
reconstruct data within the actual3D geometry. Figure 6 shows how the result ofthe 
reconstruction of uhrasonies data can be handled. The 3D view shows the thresholded 
reconstructed data located with respect to the actual geometry (in this case, the defect in the 
repaired area of the inner surface ). The user is affered the possibility of visualizing the 
reconstructed data in a sliceplane (this sliceplane is figured on the 3D representation). 
Eventually, a contour detection algorithm is applied to the reconstructed data, leading to 
the 3D contour of the defect : this contour is also visualized in the slice plane. 
Multitechnique representation 
Figure 7 illustrates PACE's ability to perform a multitechnique 3D representation. 
The inspected region corresponds to the area containing the outer surface defect. The view 




Figure 6 . Example of display of the "UT 3D-contour" scenario - I. to r. and top to bottom : 
reconstructed image in slice plane, contour in slice plane, 3D-view of reconstructed data 
and sliceplane with respect to geometry. 
of Fig. 7 is seen from under the outer surface. Eddy current raw data have been projected 
on the surface and uhrasonies reconstructed contour has been figured in its actual position. 
The complementarity of both methods can be observed : eddy currents allow to spot the 
edge of the welded zone and the intersection of the surface defect with the outer surface, 
while ultrasonics allow a volume representation of the defect. Both defect representations 
appear tobe consistent and correctly recalibrated with respect to the geometry. 
CONCLUSIONS AND FURTHER WORK 
The PACE system has been brought to the state of pre-industrial prototype and the 
range of its capacities has been demonstrated on multitechnique NDT data acquired on an 
actual power plant structure. This demonstration has also enriched PACE through the 
creation of A VS modules specific to NDT and the integration in the data base of analysis 
seenarios answering the needs of a wide range of users. 
The next step in PACE validation, now und er progress, will be to apply it to data 
coming from a real on-site inspection. This starts the second phase of the project, the aim 
of which is provide EDF's users with a general system, able to generate operational tools 
deidcated to specific applications. This would include the ability to be interfaced with 
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Figure 7 . Superimposition of eddy current raw data and uhrasonies reconstructed data. 
existing software packages, already used in power plant inspection. In parallel, the 
promotion of the standard format continues and a marketing study has been launched to 
check the interest for PACE outside the French electricity production industry and to Iook 
for possible partners for further developments. 
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